Objectives: To prospectively use a non-invasive algorithm to identify asymptomatic, advanced nonalcoholic fatty liver disease (NAFLD) in a secondary care diabetes clinic and to determine the short-term effect of a multi-disciplinary team (MDT) approach in a liver clinic. Research design and methods: NAFLD Fibrosis Score (NFS) was calculated in 64 asymptomatic patients with type 2 diabetes. Advanced fibrosis was identified using transient elastography and confirmed with liver biopsy. In a subsequent retrospective study, 95 patients newly referred to the NAFLD MDT clinic were investigated and the impact of the MDT approach assessed. Results: 25/64 (39.0%) of patients with diabetes had a low NFS (<-1.455). 39/64 (61.0%) patients had a high or indeterminate NFS and were referred for review in the NAFLD MDT clinic, of which 23/39 attended for assessment. 19/23 (82.6%) were diagnosed with NAFLD, of which 6/19 (31.6%) patients had a positive transient elastography (58 kPa). Liver biopsy confirmed advanced fibrosis in 5/6 cases, with moderate fibrosis in 1 case. In the retrospective study, 65/95 (68.4%) new referrals to the NAFLD MDT clinic had a diagnosis of NAFLD. Over a median 98 days (IQR 70-182) follow-up, there was a significant improvement in weight (-0.8 kg; P = 0.024), total cholesterol (-0.2 mmol/L; P = 0.044), ALT (alanine transmaminase, À12.5 IU/L; P < 0.001) and GGT (gammuglutamyl transferase, À13.0 IU/L; P < 0.0001). 7/28 (25%) of patients with diabetes achieved >5% weight loss. Conclusions: A significant proportion of asymptomatic patients attending type 2 diabetes clinics have undiagnosed advanced NAFLD fibrosis. An MDT approach to NAFLD results in short-term improvements in metabolic and liver parameters.
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Introduction
Non-alcoholic fatty liver disease (NAFLD) is an independent risk factor for mortality, with the leading causes of death being cardiovascular disease, malignancy and liver complications.
1,2 Type 2 diabetes and NAFLD are reciprocal risk factors and having one condition doubles an individual's risk of developing the other. 3, 4 The presence of NAFLD in patients with type 2 diabetes is associated with poor glycaemic control, 5 increased cardiovascular events, 5 diabetic nephropathy 6 and a >2-fold increase in all-cause mortality. 7, 8 For the majority with simple hepatic steatosis ongoing diabetes care and cardiovascular risk management is appropriate. However, in those with advanced liver fibrosis, specialist input is recommended to maximize metabolic control and monitoring for hepatocellular carcinoma (HCC) and portal hypertension.
Despite the potential magnitude of the clinical problem 9 screening for NAFLD in asymptomatic patients with type 2 diabetes is not currently recommended due to uncertainties in diagnostic tools, disease intervention and cost-effectiveness. 10 With prevalence amounting to 43-69% in populations with type 2 diabetes 5, 11, 12 referral of this number of patients with NAFLD (on imaging) to specialist liver clinics would not be feasible and is not necessary. 10 Identifying those with advanced liver fibrosis and in greatest need of liver specialist input is a clinical challenge as the vast majority are asymptomatic and have normal liver function tests (LFTs). 5 Several non-invasive tools (i.e. NAFLD Fibrosis Score (NFS), transient elastography) have emerged in recent years with the aim to accurately rule-out or identify those with advanced liver fibrosis. [13] [14] [15] The first aim of our study was to prospectively analyse the utility of the NFS in conjunction with transient elastography to identify patients at risk of advanced NAFLD fibrosis within a routine diabetes clinic. Secondly we aimed to determine the effect on clinical parameters of a multi-disciplinary team (MDT) approach to the management of patients with NAFLD. 
Methods

NAFLD assessment
At the NAFLD MDT clinic, in addition to routine clinical assessment (Supplementary Box 2) and observations, patients underwent a full liver aetiology screen and an abdominal ultrasound scan. The diagnosis of NAFLD was based on the following criteria: (i) ultrasound diagnosis of fatty liver, defined as diffusely increased liver echogenicity (>right renal parenchyma) with vascular blurring; (ii) a negative history of excess alcohol consumption; and (iii) exclusion of types of liver disease (drug induced, autoimmune, viral hepatitis, cholestatic and genetic).
Transient elastography (Fibroscan, Echosens, France) was performed on patients diagnosed with NAFLD. A 'positive' result was defined as a valid liver stiffness evaluation (LSE) 5 8 kPa. An LSE cutoff 5 8 kPa has been used in previous studies to determine the presence of significant fibrosis; values above this indicate that further investigation is appropriate. 16, 17 In the event of a positive LSE or significant discordance between the NFS and LSE (e.g. high NFS, negative LSE), the patient underwent an ultrasound-guided liver biopsy performed according to standard clinical practice. Liver biopsies were scored based on the Kleiner classification by expert liver histopathologists 18 In patients, that declined a liver biopsy, an alternative non-invasive liver fibrosis biomarker was used (Fibrotest, Biopredictive, France), which has been shown to correlate with biopsy fibrosis stage in NAFLD. 19 
MDT management of NAFLD
The study protocol was approved by the clinical research committee at UHB, UK (ref CA5-03331-10).
Study population and data collection
All new patients referred to the NAFLD MDT clinic at UHB were retrospectively identified for a 1-year period between 1 January 2010 and 31 December 2010. All new patients that were subsequently diagnosed with NAFLD were included in the study. Patients found to have other liver disease aetiology including significant alcohol history, positive liver aetiology screen, drug-induced fatty liver and/or decompensated chronic liver disease were excluded from analysis.
Clinical data were collected from the patients' initial clinic visit (visit 1) and their next follow-up clinic visit (visit 2). A new diagnosis of type 2 diabetes was made with either a 75 g oral glucose tolerance test (OGTT) or with two fasting blood glucose samples 57.0 mmol/L, according to established criteria. 20 The dietary assessment and advice given is summarized in the Supplementary Box 3.
Data analysis
Continuous clinical and laboratory variables are reported as medians and interquartile ranges (IQRs) as all variables had non-parametric distribution. Categorical variables are reported as number and percentages. Wilcoxon matched-pairs signed rank tests (continuous variables) and Fisher exact/chisquared tests (categorical variables) were used to assess whether there had been a change in the patients clinical/metabolic parameters between visit 1 and visit 2 (Prism 6.0, Graphpad Software Inc, USA).
Results
Prospective analysis of the presence and severity of NAFLD in a routine diabetes clinic
Study population 64 patients were recruited into the study, after excluding 16 patients due to age (n = 9), past medical history of viral hepatitis B (n = 1), excess alcohol (n = 5) and a current chest infection (n = 1). The clinical characteristics of the study patients are summarized in Supplementary Table 1 . The median duration of diabetes was 8.5 years and HbA1c 7.8% (62 mmol/mol). 21/64 (32.8%) patients had abnormal blood liver enzymes. 25/64 (39.0%) of patients with diabetes had a low NFS (<-1.455), 32/64 (50.0%) had an indeterminate NFS (-1.455 to 0.676) and 7/64 (10.9%) had a high NFS (>0.676) suggestive of advanced liver fibrosis. 25/39 (64.1%) patients with diabetes and a high or indeterminate NFS agreed to a referral to the NAFLD MDT clinic.
Liver assessment at the NAFLD clinic 23/25 (92%) patients referred were reviewed in the NAFLD MDT clinic. Two patients failed to attend after repeated invitations (Figure 1 ). Of these 23 patients, 4 patients (17.4%) were successfully discharged after one consultation as they had a normal liver ultrasound, a negative liver aetiology screen and a negative LSE (<8 kPa). The remaining 19/23 patients were diagnosed with NAFLD according to the criteria outlined above (Supplementary Table 1 ). Disease severity in these patients was then assessed with transient elastography (LSE).
6/19 patients had LSE 58 kPa and liver biopsy was recommended in all cases. Five patients underwent liver biopsy (one declined in whom the Fibrotest was performed) and all had significant liver fibrosis (Kleiner stage 52). Of the patients with LSE 5 8 kPa, 5/6 were diagnosed with advanced fibrosis/cirrhosis (Kleiner stage 3-4). There were no obvious symptoms, signs or observations that would have led to the diagnosis of advanced liver fibrosis in these five patients in the diabetes clinic (median age 61 years; BMI 35.8 kg/m 2 ; HbA1c 7.5% (58 mmol/mol); ALT (alanine transmaminase) 42 IU/L and AST (aspartate transaminase) 39 IU/L). Under surveillance, one patient was diagnosed with portal hypertension, but there were no cases of HCC on imaging. One patient was diagnosed with moderate fibrosis (Kleiner stage 2 on liver biopsy).
In the 1 case out of 19 with discordance between a high NFS and a negative LSE, a liver biopsy was performed and revealed active non-alcoholic steatohepatitis (active hepatocyte inflammation/ballooning), but with no evidence of fibrosis. The remaining 12/19 (63.2%) were diagnosed with non-invasive tools as having NAFLD without advanced fibrosis and were subsequently discharged back to routine diabetes care.
MDT management of NAFLD
Study population
Ninety-five new patient referrals were seen between 1 January 2010 and 31 December 2010. The reasons for referral were abnormal LFTs (44.2%; 42/95), fatty liver on ultrasound (12.6%; 12/95), both (34.7; 33/95) or another reason (8.4%; 8/95). Thirty (31.6%) patients were excluded from analysis because they were found to have an alternative liver disease aetiology (alcoholic liver disease, 7/95; viral hepatitis, 6/95; haemochromatosis, 2/95; hepatic congestion secondary to heart failure, 2/95; and other, 4/95), a normal liver (2/95), or decompensated chronic liver disease (ascites +/-encephalopathy, 7/95).
Metabolic characteristics at initial clinic visit (visit 1)
Sixty-five (68.4%) new patient referrals were diagnosed with NAFLD according to the criteria outlined above. Patient characteristics and demographics are summarized in Table 1 . In 7/65 patients a new diagnosis of type 2 diabetes was made as a result of the initial MDT clinic visit and one patient was diagnosed with impaired glucose tolerance. 40.6% (13/ 32) of patients with type 2 diabetes had their medication regimen changed at visit 1. These changes included: introduction of a new or concomitant anti-hyperglycaemic medication (n = 8), a change in dose of anti-hyperglycaemic medication (n = 3) and/or the addition of a lipid-lowering medication (n = 2). 46.9% (15/32) of type 2 diabetes patients had a one-to-one dietary review by a specialist dietician at visit 1. No patients were started on pioglitazone, Figure 1 . Flow diagram of the step-wise identification of advanced NAFLD fibrosis in a routine secondary diabetes clinic. Data from the prospective study using the NFS (13) and LSE to stratify type 2 diabetes patients at risk of advanced liver fibrosis (Heartlands Hospital Birmingham). Key: F0-F4, Kleiner stages of fibrosis (F3/4 = advanced fibrosis/cirrhosis).
vitamin E or other potential hepato-protective medications during the study period.
Effect of MDT management on NAFLD patients
The median time interval between the initial clinic visit (visit 1) and the follow-up visit (visit 2) was 98 days (IQR 70-182). Fifty-five patients (84.6%) attended the follow-up visit 2, whereas 4 (6.2%) did not attend follow-up (reason unknown) and 6 (9.2%) patients were discharged after visit 1 with a diagnosis of simple hepatic steatosis.
Between visits 1 and 2, there was a significant reduction in weight (-0.8 kg, IQR À4.7-1.8; P = 0.024) and BMI (-0.38 kg/m 2 ; P = 0.027) in the Table 2 ). The greatest weight loss was in patients with type 2 diabetes (-1.6 kg; P = 0.037), of whom 25.0% (7/28) achieved >5% weight loss. No significant differences were seen in median blood pressure or HbA1c. However, 40.0% (6/15) of patients with type 2 diabetes with an HbA1c 5 7.0% (553 mmol/mol) at their initial visit achieved a target HbA1c (<7.0%, <53 mmol/ mol) by visit 2. In the whole cohort, cholesterol decreased significantly between visits 1 and 2 (-0.2 mmol/L; P = 0.044), but only 15.4% (4/26) patients with a high total cholesterol at visit 1 improved to a target of <5.0 mmol/L. There was a significant improvement in ALT (-12.5 IU/L; P < 0.001), AST (-4.0 IU/L; P = 0.0067) and GGT (gammu-glutamyl transferase, À13.0 IU/L; P < 0.0001) after the initial visit to the NAFLD MDT clinic ( 
Discussion
NAFLD is a prevalent and under-diagnosed condition that is strongly associated with features of the metabolic syndrome. 21 Our pilot analysis has highlighted that application of the NFS in a routine diabetes clinic results in the identification of a significant proportion of patients with advanced Values are median differences (25th centile, 75th centile), unless stated. Newly diagnosed type 2 diabetes are included in the diabetes cohort. Only patients that attended visit 1 and visit 2 were included in the paired analysis of differences in median values (non-parametric Wilcoxon-rank test). Baseline vs. P-wave, *<0.05, **<0.01, ***<0.001.
NAFLD fibrosis (7.8%), who require specialist liver input. In addition, our retrospective short-term analysis demonstrates the role of the MDT in the management of patients with NAFLD in particular those with co-existing type 2 diabetes, resulting in significant weight loss and reduction in markers of liver injury. Previous large studies support the notion for a temporal relationship in which type 2 diabetes precedes the insidious onset of chronic liver disease (+/-HCC). 3 However, due to a lack of research on diagnostic tools and long-term data on the survival benefits/cost-effectiveness there remain no guidelines for identifying advanced NAFLD fibrosis in patients attending type 2 diabetes clinics [14] . Previous histological studies have highlighted that NASH occurs in 25-30% of patients with type 2 diabetes, 21 but there remains a paucity of data on identifying advanced fibrosis in day-to-day diabetes clinic. Our data highlights that without systematic screening in asymptomatic high-risk individuals, advanced liver disease could go undiagnosed. Solely relying on routine LFTs and USS (ultrasound) for this purpose lacks sensitivity and specificity. The recent development of simple, cheap non-invasive scoring systems could provide a solid platform for identifying those in diabetes clinics who require further assessment. NFS is a cheap, user-friendly and non-invasive method of excluding advanced NAFLD fibrosis. 13, 22 A low NFS provides an excellent negative predictive value for the presence of advanced liver fibrosis, 13 meaning we could confidently exclude advanced fibrosis in 39.0% of study participants. Despite the lack of symptoms/signs and LFT abnormality, 7.8% (5/64) of unselected patients with type 2 diabetes had undiagnosed advanced liver fibrosis (F3/F4) necessitating ongoing MDT input.
In adult patients with NAFLD, weight loss, lifestyle modification and diabetes management remain the mainstay of intervention at present. This requires an MDT approach which is rarely available in the majority of liver units or assessed in the literature. 23 Our MDT approach resulted in significant weight loss, notably 25% of patients with type 2 diabetes achieved >5% weight loss (amount reported to improve insulin sensitivity and hepatic steatosis on liver biopsy) 24 over a median of 3 months. Furthermore, 47% of patients had normalized their ALT levels by the follow-up visit. In the 15 patients with poor glycaemic control at visit 1 (HbA1c > 7.0%, >53 mmol/ mol), 40% achieved a HbA1c < 7.0% (<53 mmol/ mol) by the follow-up visit. In addition, 7/40 patients (17.5%) had a new diagnosis of type 2 diabetes made in the MDT NAFLD clinic.
To date, no studies have utilized a prospective step-wise strategy (NFS and transient elastography) to identifying advanced NAFLD fibrosis in a routine secondary care diabetes clinic. Liver biopsy (5/6 cases) and Fibrotest (1/6 cases) confirmed the diagnostic accuracy of high LSE readings. A broader interpretation of our data at present is limited as the small cohort size (n = 64), which only represents $20% of those attending diabetes clinic during the study period. The low recruitment rate was likely due to the fact that only a single diabetes consultant (M.A.K.) actively recruited patients into the study. Even though we cannot rule-out a degree of selection bias, the patient characteristics of those recruited matched those of the whole clinic population and previous published reports. 25 Furthermore, our study potentially underestimates the magnitude of the clinical problem, as MDT referral was recommended in 39/64 cases (based on the NFS), but was only performed in 23/39 patients (59.0%) due to patient refusal and failure to attend. In those patients who actually attended for MDT assessment 21.7% (5/23) had advanced liver fibrosis confirmed on liver biopsy. The refusal rate might reflect a lack of patient understanding of the associated risks of type 2 diabetes and NAFLD or the added inconvenience and anxiety of attending an additional hospital specialist clinic. In 2009, our NAFLD MDT clinic was one of the first and largest to be set up in the UK National Health Service. Even though our pilot study provides a useful insight into the use of an MDT approach to NAFLD in routine clinic practice, it is important to interpret the findings with caution due its retrospective design, short duration of follow-up and lack of a control (non-MDT) group for comparison. Appropriately powered, controlled prospective studies are therefore required before a wider interpretation of such an approach can be made.
In summary, our study highlights that a significant proportion of asymptomatic patients (unremarkable LFTs) attending routine type 2 diabetes clinics have undiagnosed advanced NAFLD fibrosis. In the absence of validated standards of care, we would advocate the pilot use of the NFS to stratify patients at risk of advanced fibrosis in routine diabetes clinics and a one-off LSE (nurse-led clinic in the community or secondary care) 17 when indicated (Figure 2) . Implementing an MDT approach to NAFLD is both feasible and results in promising short-term improvements in metabolic and liver parameters. Until prospective study and mortality/ morbidity data become available, the long-term efficacy and cost-effectiveness of the MDT approach will remain unknown.
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